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(54) Title: METHOD AND SENSOR MEANS FOR DETERMINING MYOCARDIAL INFARCTION MARKERS 
(57) Abstract 

A method of determining myocardial infarction analytes comprises (i) simultaneously determining from a blood, serum or 
plasma sample from a patient at least two different myocardial infarction analytes by contacting the sample with a now cellsen- 
sor surface area or areas (3) supporting specific analyte binding Iigands (8), and detecting a ny binding i nter ^» tf J^~ 
surface (3); (ii) removing bound analytes from the sensor surface (3); (iii) repeating steps (i - 00 for at least a second sample tak- 
en at a taLd time interval from the first sample; and (iv) determining from the results obtained the ^ ^ ^ e ff 
the cardiac analytes. A sensor means (2, 3) for use in the method has removably coupled to its sensing area(s) (3) at least two dif- 
ferent Iigands (8) specific for myocardial infarction analytes. 
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METHOD AND SENSOR KEAKS FOR DETERMINING MYOCARDIAL 

INFARCTION MARKERS 

5 FIELD OF THE INVENTION 

This invention relates to a method of simultaneously 
assessing from blood samples the variation with time of at 
least two different and independent markers indicative of 
myocardial damage to provide for early and reliable 
10 diagnosis of myocardial infarction as well as to improve 
the monitoring of the treatment and recovery after a 
myocardial event- The invention also relates to a sensor 
unit to be used in the method. 

BACKGROUND OF THE INVENTION AND PRIOR ART 

15 Acute myocardial infarction (AMI) is a major cause of 

deaths in the developed countries, the medical term 
describing the development of ischemia and necrosis of a 
portion of the myocardium. The ischemia is caused by 
occlusion of the artery by a thrombus preventing normal 

2 0 blood flow to the affected area of the myocardium and 
eventually resulting in tissue necrosis. 

A number of serious complications like pulmonary 
edema, hypertension, thromboembolism, and ruptures of the 
heart can occur in AMI. Correct diagnosis and appropriate 

25 treatment at an early stage increases the chance of 

survival and diminishes the risk of complications. It is 
therefore essential that patients with suspected AMI are 
immediately sent to hospital :' ,v for ^diagnosis and treatment. 
" ^jhe Current clinical diagnosis of . AMI is based on 

30 chest pain (sudden onset of pain which sustains . f or . more 
than IS-minutes) , electrocardiogram (ECG) and levels and 
kinetics, of .heart muscle specific ^enzymes and pi?o^e£nsV 
While chest;''pain and observed ECG changes may be sufficient 
for a -'safe diagnosis in some cases; they are, however, 

35 often of a rather nonspecific nature, and the final- 
confirmation of AMI and differentiation from other cardiac : 
or non-^cardiac events can fdr a large group of patients ; 
only: be made by monitoring f tWe mentioned biochemical 
parameters by blood sampling ;at regular intervals, usually 
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6 'to 18 hours" between^ sampling; and ^ysis' at ce^alized 
laboratories. Today a patient with suspected ^I .tnere fore 
~ m ay spend « a few hours to more than. 48 hours at the 
coLnary dr intensive care unit,, before, a reliable diagnosxs 
can be made, 'depending oh =the individual^ patient and the 

readiness of the physician. : .,1 .; - , ... ,. 

'" % i t is of course, desirable, that the correct diagnosis 
' coulVbe made ; in all cases at ,an earlier stage. On one 
hand, in case of an AMI ,. the . early intervention wxth 
appropriate treatment with thrombolytics would reduce the 
' mortality and diminish the risk of, complications. In fact, 
thrombolytics have -to be used within, the first six; hours 
from the onset of pain" to be:^eficial, ; the mortality 
being substantially reduced ^he x .earlier. ; the treatment x.s 
established (around = 10% -per hour) On, the other hand, the 
relatively larger group of patients .(about two thirds) not 
' suffering from AMI could be excluded from expensive, 
inappropriate and sometimes fatal therapy r other causes of 
""" the AMI-iike symptoms being. *«. , angina pectoris or paxn 
0 "from tne gas€ro-enterological; tract, c Thus , c the treatment 

1 with" thromb'olytics has severe side effects, such as stroke 
"and haemorrhagid bleedings, Today,up ; to around J% of the 
patients treated with :the current. thrombolytics, txssue 
plasminogen activat6r (tPA) o and,. st^epto^s^ are h it wxth 
5 ' " : these side effects. Accurate, diagnosis ^ .is thus fundamental 
in these casesl Also , the .great, economic importance of such 
eariVidei^irication^of- the patients . ^ct, requiring the AMI 
: treatment ? is readily appreciated, considering the. 
" ' ^ s^stantiaf - cost Reductions, obtained^ when such ; oat xents 
0 after a much shorter time than before.may.be transferred to 
;;rVn ordinary medical^ard or in ..the mos^ favourable cases 

can be s^ht Home. ' ' - r. .o : j . 

' in &e treatment of, AMI by thrombolytics the ob^ectxve 
of the treatment!! *-tov achieve reper-fusipn of the blocked 
coronary' artery' bexore^the- tissue has got an irreversible ^ 
damage. It is" known "that the cardiac . enzymes ...show dxfferent 
' patterns if a reperrusion is achieved or not. It xs a 
matter of course that a real-time analysis permitting 
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bedside monitoring of the patients would be desired. So far 
/'this has not Wen feasible- with today -s. assay methods and 

technology. .:.«•...;. : 

• - " similarly, ^it would, of course,- also be desxraole to 
5 " be able tb" continuously monitor cardiac enzymes for 

'" detecting a ' possible ^1 ^ initialed .during thorax surgery 
before closing the thorax. - .--.c. 

- Current serum assays are based ; on the leakage of 
intra-ceiiular enzymes or other, .proteins f rom the damaged 
10 or necrotic 'cells' which result from the myocardial 

infarction. The recognized standard assay for the detection 
of a heart" feabk has for a long, time been the creatine 
kinase lcK) t^sti-f his test involves, the determination of 
CK and its isoenzyme CK-MB which exhibi^ detectable peak 
3 5 concentrations around twelve hours, after the myocardial 

event has occurred. ' Another conventional protein tested xs 
lactate dehydrogenase (LD) and its isoenzymes, and xn 
recent ' times" the determination of nonparalytic protexns 
' like myoglobin and troponin T has been rendered possible as 
20 ' a result of seri^tive immunological, determination methods. 
' Still another protein known , to be .released from cardxac 
xnuscie following myocardial .infarction and formxng the 
basis' of a testes -myosin light, chain. Each one of the 
"mentioned marker proteins exhibits specific serum 
25 concentration Ganges corresponding to . the kinetics and 
" ' release of the' : respect ive,protein ; inan. acute inf arctxon. 
The combined analysis of two markers has been 
* suggested & improve" 1 the: .recognition o* myocardial 
infarction. Thus, combined, analysis ,of CK and LD is 
30 ' described iri'eigv Limbxrd, ; Lee,. piss. .Abstr. Int. B 1974, 

34 (11) / 5322-3 * ■■ " '■ -.:..?€,'■ ■•■ ... • , 

' WO9l/0i498 discloses the , simultaneous or sequentxal 
testing for creatine kinase and myosin light chain for the 
early : detectW of a ^myocardial, infarction. While the 
35 combination of the two assays, is, said to provide a very 
reliable diagnostic test for* the,. early phase of a heart 
attack, it also permits differentiation between a 
my ocardial infarction and ether- ischemic events causing 
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cardiac pain, .such .as angina pectoris. The latter feature 
is due to the fact that myosin light "chain is released not 
only in. case. Qf an acute myocardial infarction/ But also 
for other cardiac injuries/ whereas creatine kinase is 
5.-.. substantially only ^released in" the instance of an acute 

myocardial infarction. 

While ;the dual combination assays of the type' 
described above /offer a more accurate aiicV reliable 
diagnosis, they suffer from "the basic disadvantage of being 
10. ,. based, on . conventional.' type assays , usually - solid-phase 
enzyme immunoassays, which have to be performed at a 
laboratory and' usually cause a considerable tiine ; to pass 
before the final diagnosis, ban be 'made, as mentioned above. 
There is therefore a^ need" of ah assay "procedure which 
15 permits, a reliable diagnosis "or a J possible' myocardial 

. infarction to be obtaine^ in a shbrtW" 5 time, : which in its 
entirety may be performed at or' in the' close- vicinity of 
the patient, .and which may easily be automated.- 
......... ' SUMMARY OF frHE INVENTION "•' 

20 . . . . One object of the presenr invention ! fs' therefbre to 
./provide an : assay method by which it 'r$m possible to reliably 
. diagnose AMI in such a short time that a treatment with 
thrombolytics will.be beneficial- -..*■"••- 

./Another object *'of * the !'li^to€fi^^&'^*^e^a»-"an assay 
25 method by which it . is possible '^''^i^^^)^^ 1 * 
. exclude AMI to toer^y^reouce care cokts 1 in' tnafe-such 
patients within, a short/ time/may be transferred to an 
.ordinary .. (substantially^ less" costly) ward or • even " 

• home* ■ ; ., - . ,-:-)■. - ;■• t .. 

30 ,,// /still 'another ./obj£ft ( . of the/ invention ;: is -to 'provide an 
assay -method , by/ which ' it " is/ possible W efficiently monitor 
. ChX the .treatment ,.p.f / an AMI with thrombolytics- such" that the 
?< . : treatment may, be./ immediately interrupted' as soon ' as 
., reperfusion /has been obtained, br %he patient may Be 

35 subj ected to an' M^^^^^^^^'-^^f r «P &3?£asion 
.... ■ is not obtained.. in a reasonable time. 

. .Another object of 'tbe/invehr.ibn is to provide an assay 
method for the diagnosis of AMI or monitoring of treatment 
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with thrombolytics that may be performed at or close to the 
-patient • s -.bedside. . ... 

Still; another object of the invention is to provide an 
. .assay methgd for monitoring cafaiac enzymes to detect the 
5 possible initiation of an AMI during thorak surgery, and 
which may, be performed in the operating room. 

... A further object of the invention is to provide a 
sensor means for use in the assay methods mentioned above. 
...The above mentioned objects are achieved with the 
10 method and. sensor means of the present invention . A basic 
,- concept of^ the invention resides in determining with short 
, intervals the variation with ' time of at least two/ * 
. preferably at, least three dif ferent markers, i.e-. enzymes 
or proteins, of ..myocardial, infarction in real-time 
15 measurements^ in. a flow cell system, which measurements are 
based- upon interactions of the analytes with ligands bound 
to a sensor surface, the interactions causing a detectable 
change of the, physico-chemical characteristics of the 
surface. While the study of at least two different cardiac 
20, analytes or markers will provide sufficient' information for 
insuring an early diagnosis , the use of sensor surface 
technology to detect analyte-ligand interactions provides 
.for. ; real -time analytical procedures which are sufficiently 
. /rapid . :f or permitting the analysis of "blood samples taken at 
25 r short ^.intervals and which also are apt to automation and 

need not .be. performed at a laboratory, but may readily be 
, . performed^, at. the patient ' s' bedside or an an operating room. 

It is to be noted that the terms "different 1 markers" 
4 or "di.f f erent ..analytes" as used herein mean markers' or 
.30 . analytes originating from different and discrete genomes. 
Therefore, any post-translational modifications -like 
glycosylation. or fragmentation of 'macromoiecules do' not 
qualify .^them aV being regarded as ••different" analytes. For 
example, .CK-MM^. and CK-MMg ajre not different analytes in 
35 the context of the present Invent ion. 

Thus, in accordance, with one aspect of the invention 
there is provided a method of AMI marker determination or 
monitoring, comprising the steps of 
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fi) • simultaneously determining _r rbm" 1 first blood, 
' -' serum or plasma sample from a patient at least two, 

praf^l^:^,^,^^ analytes mdxcatxve of 
^ 5 Nardil infarction by contacting in a flow cell or cells 
5 lie sample with one or more sensor surface areas each 
stppbrtLg a different ligand or mixture of different 
"ligahds capable of. specifically binding to -a r^spectxve 
analyte,-ahd,c- optionally, after additionally bxndxng^an 
' Saly^e specific reagent . or ^gent comply to 
10 analytes-detecting ,any binding ^interactxon of each analyte 
Wtn its ligand as : a consequential change of the physxco- 
chemical characteristics of the sensor surface; 

(ii) removing : each bound analyte from its sensor 
surface bound ligancLby .passing a regenerating liguxd 

15 'through the. flow: cell; f j . MnnA 

(iii) repeating step (H for at least a- second blood, 
serum or plasma sample taken .from the patient at a 
determined time .interval from said first sample; and 

(iv) determining .from the ; results 6f steps (x) to 

U the term "reagent complex" as used herein xs meant 
that the reagent is bound to one ore kore' other 

- - such a reagent.complex may be added as an assembly or be 

" - "formed successively, after the reagent has bound to the 

; 25 "analyte as will be further .elucidated below.- - 

•in accordance wi^ ; anather aspect . of the xnventxon 

- there is provided a sensor means -comprising,; immobxlxzed to 

. . -t - ' iriB areas thereof, "either individually or 

J one or more-sensxng^are^s -cnereoj., .,.,„. • 

in combination, at least two ? preferably at least three 
30 dif fereheaidandsv . each, ligand ^g capable of > _ 
' spacificaily:binding,to .a respective analyte xndxcatxve of 

- myocardial .infarction, .said sensor means bexng adapted for 
- - -the ^deeection, .of ,any,^alyte-ligand, " interaction as a 
• consequential change q£ *he ^pnysicp-chemxcal - 
35 characteristics, of .^sensing surface, and saxd Ixgand 
• ' -supporting surf ace.:areas a being regenefatable after the 
' coupling of analytes, ^thereto . , 
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, • The. different ligands may thus be either individually 
immobilized to respective sensing areas, or. co-immobilized 
to- a single sensing area. Combinations of these embodiments 
are, , of course, also possible, i .e . that there are two or 
more sensing areas, each area supporting. co-immobiH.zed 

•ligands . 

,ln "a., preferred embodiment the sensor surf ace. is. a 
su-face* capable" of exhibiting surface plasmon resonance 
(SPR) and the detection of the cardiac analytes, or markers 
is carried out by surface plasmon resonance spectrometry. 

HPTKF DEPffPTWIOM OF THE DRAWINGS 

Other .objects and advantages of the invention will be 
.apparent to those skilled' in the art from the following 
detailed -. description thereof taken in -conjunction with the 
15 accompanying "drawings, in the drawings: 

.Fig. 1 is a schematic illustration of a per se known 
S^R-fcasad flow cell measurement system; . 

Figl .2 is an exploded sectional partial view of a flow 
, cell unit useful for the purposes of the present invention; 
20 Fig. 3 is an SPR-sensor diagram showing the co- 

- . immobilization of a monoclonal antibody ..specific for CK-MB 
. v .and a, monoclonal antibody specific for myoglobin to a 
- sensing surface ; 

- "' Fig. a'", is" a corresponding diagram *as in Fig. 3 showing 
25 the analvsis of a sample containing elevated levels of CK- 
. , MB. and. myoglobin using the sensing surface with immobilized 
CK-MB and myoglobin monocionals in Fig. 3; and 
: ■ ■. Fig. 5 is a corresponding diagram as. in Fig. A showing 
J. the. analysis of a sample not containing GK—MB and only a 
30 normal-level of inyoglobin. 

nRTMLED PKBCRIPTIQ N O? TH? INACTION 

,'. . as mentioned above one basic feature of the invention 
resides in the simultaneous measurement of several, viz. at 
least two, preferably, however, at least three, or even 
.35- e.g. four or five, different myocardial infarction markers 
. 0 r" analytes . While the diagnostic sensitivi ty and 

specificity of such markers -will vary,, the appropriate 
selection of analytes and a tfie determination thereof 
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' .' ^tanaopsly fro^blood samples' taxen at short -intervals 
: I will provide for an analytical picture «^»«****^ 
will be very useful, for diagnosing or excluding -AMI, The 
relationship. between .-the various analytes during 
s tSe interval. will give an indication of how long an 

. .. infarction condition has been going ohy *« ««-^ b » sed 
, ^pln the rise of . the level of one analyte and the decline 
, , of another. Likewise, the areas under the respective 

analyte graphs.will indicate the extent or thedamage to 
10 ■ the/cardiac .muscle, tissue. ,'" ' ' •' 

The term ..simultaneously" as used herein is to be 
: understood in a rat*er broad sense Meaning that the, 
. respective determinations of the Analytes need not be 

= ■ Parted ^.W^^^^ 
» be permitted. as : long, as a comparison between the d!« ^ 
. ..analyte levels determined may be considered as meaningful. 

Another, basic feature of the invention IMS' in the 
■ . .already mentioned .repeated analyses at; - preferably regular 
. short. intervals permitting. the variation-of time of the 
20 cardiac marKers to be determined, such information . will. 

: considerably improve the possibilities of taxing a reliable 
r - Mil . diagnpsis : or exclusion. ' ; ' ™„ it . 

,. . , In , combination the above basic' features will permit a 
, - . very reliable diagnosis or exclusion of AMI to be-,. - 
, 25 ...established at a desirabiy short time after the: patient has 
.- . been .brought ,~ hospital,; or' in the ' alternative, ~««*~t 
monitoring of the treatment with thrombolytics as well as 

of thorax surgery.. , - 

■.. An apparatus .system enabling -the "desired type of 

30 ; analytical.procedures to be performed should U> rely on a 
measuring principle ..besed upon the interaction «*-«» 
I analytes with. ligands. immobilized t6 a sensor surface and 

, detecting, complex., fetation as *.<?™^^^^*°* 
:-. the physico-chemical properties' of ' the sensor surface. (11) 

. detection of several annlytcs : and (Hi) have a sensor 
- -.surface or surfaces.. .Which can be regenerated in situ in the 
sense that bound analyses miy be removed from the 
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■ respective ligands to permit consecutive analyses on one 
'• and the- same. sensor surface (s) after • a regenerating step. 
:Jl All the, requirements (i) to : (iii) may toe niei by analytical 

technology which is' known per se in the' art. 
5 In order to increase the above mentioned change of 

the physico-chemical properties of the sensor surface, 
v further completing of the bound arialytes, and thereby an 

increase of the thickness ' of the bound substance layer, may 

- -: be accomplished by reacting the ligaiid -bound analytes with 
10 a secondary reagent specific to .the analyte, i.e. a.- 

sandwich assay, „as is per se known in the art. Such bound 
secondary reagent may then, if desired, be further 
complexes by . reacting it . with a ' tertiary • reagent , etc. to 
,. still more, increase the surface change to be detected. 
- 15 • x In the case pf optically based methods, and. especially 
those based . upon SPR spectroscopy, it is possible to 
; increase the detected surface change further by labelling 
of the secondary and/ or tertiary reagent, etc by an 
. .. optically dense .species , such as a particulate label, for 
20- example, glass,, latex, , cooioidal silver or gold, metal 
oxide or ferritin;, see e.g.' EP-A-276 142. 

By using a secondary rda^ent 1 '" to perform a sandwich • 

- : type ;. assay - on the .sensor 'surface ; as outlined- above , not 

only the sensitivity land iii soW cases the specif icity will 
25^: -.ber increased,, butTalsp the dynamic measuring range may be 
. : extended in", that the primary response may be used rather 
than the secondary response "if W range of' the: Matter 
would be insufficient. " 

v The- measuring, principle as def xned-above will enable 
30 real-time Imeaswremen^ r to be coiidubtbd and thereby permit 
the aesired'p^ bl ^ od 
... samples .taken with' short" inte^als ; Such a measuring 
•. - v principle, ..and" .the "sensor ^ ? Surf ace :r ass6ciated^ therewith, is 

■ also readily ^aptabie^ methods 
. 3 5 relying ■ on . the ... said measuring principle may be mentioned 

internal reflectance melnodsf particularly^ evanescent wave 
spectroscopy (EWS) , such 4 ks 1 attenuated internal^ref lection 
(ATR) spectroscopy, total internal reflectance fluorescence 
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(TIRF)' WpdctArbsccpy, ^JWrfacev^ W ^QW^. .(SPR) 
^pedt^scbpy , or-«ave guid^spectr^ v Ul.^ese ^hods 
c 7 "are based upon the :«eaminati<?n*of ; an> QI$^1 JPW?** of a 

r solution bbrderihg'a :surface^^ere. t tptal/nteraal^ ^ . 
5 * reflation has 'demurred. Other, types .of, sensors, that may be 
used; are thdde- based ^upomphP^pacoiis^c^piezoelectrxc, 
surface acoustics-wave (SAW) , ; . or , .electrochemical _ 
measurements , etc. Particularly , .^itable. f or ..the purposes 
of the' invention is^SPR spectroscopy, as will be described 
10 in mote detail' below. ■■■-■<>■ . -■■ '. • --n rv :.:.r>->«. 

A flow ' cell -system is essentia^ for providing a rapid 
and easy to- handle system apt, to , automation. By the term 
"flow cei-1^ (which -is^to , be, interpreted, in a broad sense) 
: ' is meant; that the sample, and .other analytical fluids Will 
15 flow past 1 the sensing surface o r surfaces at . a constant 
rate. Such a -system may, v as mentioned. abo Ve , ^n one 
embodiment thereof icomprise ^.plurality of sensing surf ace 
areas, i.df one for .^each cardiac. analyte. as well as a 
' ; ' control area/ and optionally, one or more _areas for other 
20 purposes as will: be described below,, "The .flow may be either 
in parallel or in series .with, , respect, to the . different 
sensing surface- areas. A parallel flow pel 1 system may 
: * comprise several, separate flow cells .arranged in parallel, 
- whereas in a' series : system several separate , flow cells may 
25 ' be connected in series, A parallel or serial flow system, 

fWspectiveiy, may also cbe :; formed, by several^ defined sensxng 
<• r " ~surf aW areas contained.; within a . single.^ low cell .. For an 
' • - " example of W-fioW ceai system, comprising several f low 

& °- V ceils' if is referred to our published PCT-application WO 
- : ; -'3 f ir 90/65295 '(the< rull^isclosuro .9$ which is incorporated by 
^'^refere^herein) Misciosing-a fluid, handling block unit 
• comprising^ plurality, of open channels . f or def ining 
C; multiple flow' delist together wi1^ 3 a sansor.j^te^ applied 

thereto. ■"- • v-'--- 1 -' •• . ; vc •-.••',< :.r 

35 • " in another and novels embodiment of , flow cell system, 

the ligands ■ for all ? the foardiac .analytes may, as already 
mentioned above, ^demobilized in a. single surface 
' area. Thus/ the specif ic , response (Stenberg et al. , J. 
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. Colloid in^ W) -: for surface, 

^concentration detecting devices, such as surf ace, pla.smon 
resonance dete r cti^n/- is-iri principle (at : least down to the 
diffraction 1 limit at ion's of the, optical ; system), independent 
5 ""pi £ne 1 size " of A tHe Stetefet iftg area . This -is in contrast to 
' absolute ; measuring devices such; as ordinary solid phase 
assays where u tne "specific response ; is. area dependent. 
' Normally "V the different -^immobilized capturing 
molecules aire •±mmobxlrized tp different detection areas as 
10 described above. The independence of area size for the. 

surface concehtxatibrr^et8cting.device;will, however, in 
accordance with" this novel? and^inventive concept, allow 
^ reduction in t^e 5 number of detection areas by co- 

' iitanobiiizatiort 'Sf two -6r mbre dif f erent capturing molecules 
15 ' onto the same ~ar¥a? ; the -specificity : then being , revealed by 
se'cjuential infections of second reagents .(such as 
antibodies rspebific for each analyte -bound by the 
"respective capturing' molecules i As. is readily understood, 
such ' a procedure 'wili greatly reduce - the complexity of the 
20 optical 'and mechanical design of the -system for the 
concentration- determination *ofi a -panelipf analytes . . 

- £ensor~ surfaces which may be regenerated as. defined 
above a ^ubst^ntiai ntlmber of times, e.g., 50 to. 100 times, 
* ' are 'known per" se in the art -'and. are,.. for, example, described 
25 ' in our published PCT-applieation WO. 90/05305^ , (the full 
''" * disclosure of which is incorporated by reference .^herein) . 
These sensor "sur tkces^comprise x a substrate, coated with a 
" metal 'film to" whreh° has-been attached :l a J-ayer, ^f^an organic 
' po'iymei 1 or a hydrogeie forming ar so-called basal .surface 
30 which°may contain functional^ groups i; for selectively binding 
' the desired iigands. For '■ further f details ^ r pii.^he. production 
of such Surfaces ;J it : is referred. tp :; pur publ.i§h.ed r ?CT- 
applicatioh^WO 90/U5303 (the, full; disclosure of which is 
incorporated by reference herein) . Such a surface is easily 
35 regeneratable in situ in' a) -fipw cell. , Thus, after the 
determination o f one • sample -is;, completed , .. the, bound 
analytes can be removed from ..the respective,, ligands to 
prepare the sensing surface, (s) for a subsequent . assay of 
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' another-: sample. Is Wede^ ^dssltble by the bi*>ding;of the 
. analyte to the ligand being broken by the- regenerating 
. fluid whereas the binding' of the ligand to -the sensor 
surface is not. 

!5 Exemplary of. myocardial infarctioh analytes. or markers 

' -from- which the test panel" may ^be selected ^are myoglobin, 
' creatine kinase (CK) (also known as creatine phosphokinase) 
and its isoenzymes "and isomers thereof, 'especially:. CK-MB , 
, tropomyosin, lac^te dehydrogenase (LD) , troponin C, T and 

light chain thereof . . - 

Presently preferred infarction 1 - markers-' for the 
purposes of the present iiVentibn aire - C-K*-MB , myoglobin and 

. a : ■ •> ft 

troponin I..,.. ...... . , 

15 • However,/nohe of the above mentioned .markers is 

. absoiutely specific ^ for ^ acute ^rdiac muscle damage. For 
example/ both CK— MB and "myoglobin may also be, present in 
skeletal muscle damages: It Is therefore, -as, already 
mentioned above, preferable t6-simultarieously,test for one 
20 , or more control analytes. One example of , such a control , 
analyte is carbonic annydrase J III (CA= III) c- which has been 
, , , shown, to be present in substantial amounts in -skeletal 

^muscle, in minor amounts in iVa. "smbothlmuscle cells, but 
J : no t at all in the myocardium^. ck>ta~can therefore be used 
25 to distinguish whether increased* bdnce&ltratibris of e.g. 
, myoglobin originate from cardiac or skeletal muscle (see 
^ e.g., vaananen H.k/ et ai .Y %fi^ 36/4, €35-638 

•.. -,,(1990). ,. 

"'. ' The. iigands' for the ^ecifleaiiy binding "cardiac 
30 " analytes, : suchras those ientiohed ; abbve f ^arer-usually 

- antibodies, particularly ^monbclofiar Sntibbdies. By the term 
. • , ...antibodies" , as use^i "herein is aisd^to be: understood active 
. , '.:; antibody fragments; antibodies arid fragments thereof 
> produced by genetic engineering, etc; - si. 
35 The functionaliziiig of the' basal Censor "surface with 

.the ligands is simplified if the ligands are chimeric 
molecules, ile. comprise' V common part for binding to the 
basal surface and a' variable part for binding to the 
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■'different cardiac analy^s. In the case that the sensing 
• surface .comprises a .basal dextran layer, the -chimeric 
molecule >m*Y. consist, of an antibody to dextran which is 
conjugated to a monoclonal directed against the desired 

5 s - •*• cardiac tanalyte.. . 
. Antibodies that may be used as ligands are described 

an^heiprior art, and may also be produced by methods known 
-perv.se, - e.g., : by hybridoma or recombinant DNA technology. 
> r. Thus; antibodies against creatine kinase and creatine 
10 kinase MB. are, for example, described in EP-A-238 179 , EP- 
A-339 814, EP-A-261 781, and US-A-4 , 912 , 033 .' 

;> Antibodies against myosin light chain are, for 
fhstance, disclosed by WO 91/01498, WO 90/15329, and US-A- 
4,879,216. 

15 : Antibodies- directed against troponin T are described 

: in, -for example, -EPr-Ar-394, 819 r and antibodies against 
troponin. I -are described by Cummins b: et ai. , Biochem. 
Sbc. : Trans. .15, {1987) 1060-61. 

r/.. ^-Myoglobin .aBtibodi^s ' are, ( for instance, disclosed in 

20 JP-A-54011231. K , 

r ..Antibodies directed against lactate dehydrogenase are 

described in, for example, .DE-A-2 350 711; ' 
J.u The.: preparation ,of antibodies directed against CA III 
v^refdesc^b€#byj VS&iSnen' H.K. et alV, Histochemistry 1985; 
S8S-; 231-;5,v and, by, Kato, K. et al. , Clin. Chim. Acta 141 

(1984) 3:69-177 . . 
f :• / -several antibodies are also commercially available, 
such as monoclonals against CK-MB and myoglobin. 
C: For . the functipnalization of the sensor surfaces with 
the 1 igrnds for. the respective cardiac analy tes it is 
referred to; the aforementioned WO90/0S>0305. 
: u-< ; The. blopd .samples, taken from the patient may be 
-analyzed ; directly ..as whole blood, but 'it may be preferable 
to use plasma or serum prepared from the blood sample, e.g. 
35 as obtained by an initial centzrifugation or filtration 

step.. • . .... ; .. . 

With the above described, method and sensor means of 
the present . invention, using the mentioned analytical 



BNSDOCIO <WO 9221973A1_I_> 



WO 92/21973 



14 



PCT/SE92/00386 r 



' - : apparatus , * it is- thus possible to in...a short time , _ by 
^ taking blood samples at .shprt intervals .and using bedside 
apparatus and thereby dispensing with , central . laboratory 
determinations^ diagnose or : exclude, respective^ an AMI. 
5 Similarly/ the treatment with, a .thrombplyf ic, as well as 
the state of-' the myocardium during heart surgery may 
readily be monitored . , . as already, mentioned above. 

a further beneficial feature, of ; the method of the 
present- invention's :that,-it may also provide information 
Ld ^ about the presence , in, the blood, samples ; of antibodies 
against -B^tol^B^ ^V?*?****^ 
tenfold cheaper than: tissue .plasminogen activator (tPA) , 
tPA is necessary if . the. patient has r a high level of 
antibodies against streptokinase ; or ... is allergic thereto. 
±5 ; About -90%-of the- patientS; experiencing . a . reinfarcatxon 

within a year have .neutralizing ant ^odies. Neutralizing 
- antibodies can also , occur after, a flu, if the infection is 
- caused' by streptococcal bacteria. Therefore, the method of 
'■ ^ the- invention preferably also .comprises testing for' such 
20 neutralizing •••rtx^t»WiW!P%^.i^ff: b *- including a 

streptokinase ligahd (or an antibody against the anti- 
streptokinase antibody) *n the or one of the sensing areas . 
■■" Thereby such -crucial information , about, the level of 
- - neutralizing streptokinase .antibodies _ in ,a patient can be 
25 J determined at the- same, time, as, the AMI diagnosis is 

performed.' ' - : « - : '- - -: "'scova •• 

" : ; ! in a preferred -embodiment the present invention thus 

7 " comprises' determining (i).. at least two, and preferably at 

7 :1 least three, different infarction, analytes; . (II) one or 

3 o- ' : optionally more- control, analytes ;, ; and ,(iii> , streptokinase 

1 : " antibodies'. v ' ; ■": • ■ ••• ■ -. • 

••«• Hereinafter the' invention will, be described, by way of 

r: - * example fenifc? with -regard to. a .particular .SPR-based 

; " embodiment, reference, .being made to Figs, 1. and 2 mentioned 
35 = aboVe. First/hbwevfer^e^urface plasmon resonance (SPR) 
^ phenomenon will be i brie-f ly , explained . . . . . 

If the angle of incidence of light directed towards an 
-interface between two /transparent -media -of different 
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refractive indices" exceeds^ a critical .angle, the light is 
reflected back" inter the medium hav.ing ; .tJie higher refractive 
index, so-called 'total internal reflection. However, 
despite tne' total' reflection an electromagnetic . field 
5 component"' of the' light called the. •Jey.anescent . wave" 

penetrates a short distance (of the, order of a wave length) 
into the medium of lower refractive -index. If the interface 
between the media is coated with s thin metal, film, such as 
silver or gold, and the light is plane-polarized and 
10 "monochromatic,- : the evanescent wave.will ; -at a certain angle 
of incidence interact ' 'with collective" electron 
oscillations, called plaismons, in the metal;. This 
phenomenon ^ called surface plasinon resonance (SPR) - will 
be observed as an intensity dipv in, the, reflected light. To 
15 couple the light to the interface such that SPR > arises , two 
alternative ' arrangements^ are - used , either . a metallized 
diffraction grating (Wdods effect.) ' or metallized glass 
prism or a prism in optical contact; with, a metallized glass 
substrate (kretschmann ' effect) . The -specific angle of the 
20 occurrence of SPR is sensitive to refractive, index changes 
close to " the ^interface of the "medium .:of- ; the lower 
ref ractive index. Thus, ' ii the high ref ractiye, : ^.ndex medium 
is glass arid the medium of lower refractive index is an 
"aqueous solution ' in cohtact with the. glass, changes of the 
25 solution "close" ' to' the interface >^e.-g*. by the adsorption of 

a protein layer, will cause a corresponding shift .of the 
" resonance angle. SPR may- therefor J e-.rbe r used . for detecting 
e . g . immunoassay reactions .as is • wel 1* known ... in r th^ . art . 
" A schematic illustration: of xan-; SPR based biosensor 
' 30 system" of the flow cell type .which is r. known . in. the. art and 
may be used for the purposes of the invention., is shown in 
" Fig i: In" the f igure' a flow-, channel., lvhas^arvopen top 
portion covered by a sensor :plajte, : or- chip. 2 of . glass coated 
with a metal film 3, mote specifically, of ; gold,, to. define a 
35 flow cell. A prism 4 contacts -the -q-fcher side of. ..toe glass 
plate 2 to couple a wedge-shaped .beam 5 of p-pqlarized 
light from a monochromatic flight source .6 thereto. The 
reflected light is directed- against a detectiqn unit 7 
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comprising^ matrix (x^eV rows^ a~nd columns) of,^.^, 
photodetectors: The goitf film suf^acef exposed- ^the f luxd 
. passing through fiow^ cell i/has' iigandsaS im^cbxlxzed 

thereto as will be further described below.. . , , ; 
5 since the beam of light 5 -reflected at the , glass-metal 

" interface represents V cbn^nuou* range :o.f incident angles, 
a shift in the resonance angle caused by a -change. xn the 
. concentration of biomolecule* at .the metal ^^^^ 

v. detected by the detector ; unit ^7, Tor a -more, comprehensxve 
io 'description of the above described biosensor .system, 
" ^^^^ System, sense, unit, and ^W-lxng 
" unit/ it is referred td' our aforementioned WO- 90/05295 

The useof a biosensor system of rthe above outlined 
' ' " type for the' purposes bf Wpires^ .invention will, now be 
15 described.' Fig ; 2 schematically illustrates ,a,part, of a 

liquid handling block' unit 9 comprising follow, cells 10, 
. corresponding^ flow cell 1 in Fig. l-,:*he flow cells 10 
are as in Fig! i~, defined by upwardly .open : channel parts 
' ii covered by a sensor pldte 12 corresponding,, tQ, .sensor 
' 20 plate 2 in Fig. lV; In the figured also, illustrated an 

optointerface 13 for effecting optical, contact between the 
„ sensor plate .12 and a prism corresponding to , prism 4 xn 
■ .'• . Fi g'. 1. The optointerface ^ consists of ^ a thin glass plate 
/ . having elastic material pieces U <on.both isides with a 
25 - refractive xndex matching that of the . sensor, plate. 12. ^hen 
. ..:,the assembly of liquid hahdiW bloc*, unit ^.sensor plate 
; and optointerf ace^ U arranged^ . the biosensor system 

: schematically illustrated in^ig. 1- (replacing, flow channel 
1 and sensor plate 2 theBin)- ; - the wedge-shaped, beam 5 wxll 
30 - extend transversely across the flow, cells , ,.each£low cell 
/corresponding to/ e.^" one • column or photodetectors xn the 

• • .. detector matrix .7. - /' ' * > \ 

The gold-coated glass' plated has, - a F a. specxf xc 
* " example Known per sV in the- art/ a-hydrophilic^atrix of 
35. . non-crosslinked caff 6xymethyiated dextran .covalently bonded 
'■" to the - gold fili'thrSugh^^n Optically 'and biologically 
inert .linker layer of^on^ chain hydrocarbon. .Ligands can 
be covalently immobilized to the dextran layer after 
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activation, Cevgu-by privatization with N-hydroxy- 
* succinimide (NHS ):>::• mediated by N-ethyl-N (dimethyl- 
aminopropylOdarbodiimide, (EDC) . The NHS-ester formed 
readily reacts with unchar.ged .primary amino groups of the 
5 iigands to be -coupled thereto. 

°" in " the rflow.rcells 10 shown in Fig . 2 the sensing areas 

forming the top part of each flow cell may, for the 
purposes -of 'the invention, in. three of the flow cells 10 
r support- ligaftds reactive with, a respective cardiac analyte 
10 to be determined whereas the fourth flow cell preferably is 
- used : as- a cbntrol or reference. ; For example, 'one : flow cell 
may support a monoclonal, antibody against creatine kinase 
MB (CK-MB) 'i a- second: flow cell a monoclonal antibody 
r • ' against myoglobin,- a third, f 3 ow cell a monoclonal antibody 
15 against troponin T.. . and a fourth flow dell a monoclonal 

'antibody against carbonic anhydrase Ili (CA XII) as a 
' ' control, of course, more than .four flow ceils may be used 
*" if-'desiredr.-Thusr, -..for ..instance, a fifth; flow cell may 

support streptokinase lioands for determining streptokinase 
20 antibodies -irt. a sample., .Optionally, a sixth flow cell may 
support' a ligand^ifoi- -an, additional cardiac infarction 

analyte."-'"- 1 * " v ..... 

'"' : - ,For further details on the immobilization- of iigands 

? ; and reaction cconditions .f or the coupling of the analytes to 
25 - 1 be 'determined.,, it is referred, in addition to the above 
- ^mentionedvwo. 90/05203 and. WO 90/05305, to the manual "Real- 
' : - time Biospecif ic« Interaction Analysis , A Guide' to Methods 
and i Applications (1990) ,. Pharmacia Biosensor AB, Uppsala, 
- Sweden ' (the- full .disclosure of which is incorporated by 

30 reference . herein,)....!; -. -..<■*■■>.•..•: 

; ; A test.: of: <a blood plasma sample f or the cardiac 
enzymes creatine kinase MB, myoglobin, and troponin I using 
the Analytical .system, illustrated in Figs. 1 and 2 may be 
perfdrme-d-as . follows., Af*er ; removal of the blood cells from 

35 a blood sample.* Plasma is 

introduced into the .liquid .^andling unit 9 and evenly - 
distributed among the four. ( ..f low cells 10. Whei. flowing 
through the flow cells the mentioned cardiac enzymes, if 
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.. .supposing, the .proper li^V^ will cause' ^f*<* 
the resonance angle,, which shift Is proportional to -the 
amount o^ oardiac. en^bound to the surface -.s^descrxbed 
. 5 above. Thereby the ^evel of each ah^iyte iff ^the sample Bay 

- be determined. ,To,. increase the resonance "angle shift- 

c- detected, ithe ligand bound analytes are preferably reacted 

with a, secondary reagent r in sandwich 'assay -fashion. As 
■ already- mentioned" above;; such; V secondary ^ reagent .may 
10 optionally be labelled with.an Spticaliy-dehse specxfes to 

still more, increase the . shift. Alternatively , a tertiary 
. . , reagent may be used/If ter. the detection step, the sensor 
» surface , is regenerated by.;' pacing a regenerating agent, 

, . e.g. glycine, buffer,, or ^^B:C^^ x 
■ 15 acid (XO^mM) ,: through the cell. ^ whble such analytical 
procedure will take about 15 minutes: ' 
- • . instead of. using, several flow cells as described 

- above, a single flow,' cell, f may be used which has ligands for 
, • all the analytes . of interest co-iininbbil-ized on- the same 

20: sensing surface area. This ^embodiment .will also be 
.; • •■ illustrated in -the Example below . ' ' ' J J ~ J ■ 

vWhen a patient .with suspected AMI' has" been brought to 
the coronary .care unit in ; possess ion ^of the biosensor 
apparatus described above at the patient^ bedsideV and xt 
.«r. .has,not been,, possible to . «*\*^^*^ 
, . ,upon,symptoms and ECp, ^ofs^^^ t^r^^, 
. .. . .say every, 15 to 30. minutes,.; .and. success iv"ely analyzed xn 
,••-> the -described, fashion. the first sample 

tested may-.exhibit ,such levels .at, one or ' more of the 
30 analytes tested for that an AMI may directly be diagnosed, 
a safe and reliable, AMI diagnosis or exclusion-based upon 
> ,:, the development -with time of .the analyte levels, will xn 

the majority of cases be obtained Within about no ^more than 
- about two to three.,. hours, ..In the case of a diagnosed AMI, 
35 -the .patient ..can .bleated with thrombolytics, x.e. 
streptokinase or, tPA-'^f erably , the test panel of the 
sensor unit also contains a sensing surface area for 
testing for streptokinase antibodies, and information about 
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the proper thrombolytic and dosage thereof to select may 
thereby be obtained at the same t ime ', '-x i e . resulting., in 
-,:fchat the, f dpse streptokinase is adjusted or that tpA is 
selected .rather than streptokinase . - 
• 5 . . , The same bedside apparatus and test panel may then be 

used; for mpnitpring "the ^ thrombolytic treatment to observe a 
: , .reperfusion as soon as possible' after it has taken place, 
so that, -the per , se risky treatment may be stopped when no 
longer necessary or an alternative treatment may be 
10 introduced >f reper fusion is not obtained in a reasonable 
- time. Especially . in such monitoring df thrombolytic 
,-. treatment,. .relatively high' levels of an analyte of/ 

interest , - e.. gl CK-MB may be obtained . Thusv if a secondary 
reagent is used as described" aboveT the dynamic range of 
, 15. ; . the, secondary ..response may" not be' sufficient for permitting 
the development of the peak valuV of a specific analyte to 
be: monitored. Tne occurrence and exact monitoring of such a 
peak indicative of reper fusion may ; then be^ performed by 
., - : instead ..measur^nc^ the j?ri»ary response-, i.e. the complex 
20 formation between the analyte and the immobilized ligand. 
Naturally, the above described procedure and method may 
also be used for monitoring five ^mydcardium state during 
thorax . surgery such that an Mil initiated during the 
:.: , surgery^xnay be detected and' treated ; bif ore the: thorax is 

,25:. ^Closed, ; • .. '. "' ' 

:/;/r , , .In the following non-limiting example, the detection 

of CKrMB^and myoglobin in a'plaSma sample "in accordance 
, with the", present inventioii is ''described^ using a commercial 
SPR-based.. bipsensor instrument YBlAcore TM ) ' end sensing 
30 surface , ( Sensor Chip™' CM5) ' (both marketed: by Pharmacia 
r. . ■:. Biosensor AB, Uppsala , Sweden) r£> * Z r - '■' ■' 

, ,• • ' . ' . " " " EXAMPLE ' : '~ ' - n " •' '•- >.. 

A. Co-im mpbil izatVon 'df monoclonal antibbdfee^ on ^sensing 

surface . . ... ...... 

35 . . Immobilization of a mdnbtltbha^ antibody specific for 

. CK-MB and a monoclonal antibody specific -for myoglobin was 
performed in the biosensdr i: instrument in the following 
manner: 
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- ■' - v;. '■*»•"& continuous ^f low pf HBS "(10 mM kepeV <buf f er> 0-* 15 M 
NaGlv-3.4r.mM EDTA, 0,-05 %\Tween) pH 7.4; over the sens xng 
r., •- surface was: maintained .at 5 M.l/min. A fraction of the 
, carboxyl roups' pn tt e sensing surr ace wa, activated to 
, 5 v form reactive N r hvdro^succinimide esters- by meeting xnto 
: ,-the instrument 3.5, Ml- of a ... solution containing 0 8 2 M 1- 
, etfcyl-3- (dimetbylaminoprppyl) carbodiimide~ hydrochloride 
(EEC) and 0.05 M N-nydro^succinimide (NHS) ' in water. 35 Ml 
•of -the .antibody solution containing 50 pg/wl' of a * 
10 - .monoclonal antibody specific for CK-MB;( obtained from . 
-BiosPacif io„ ^eryyiile., Calif ornia, U.S.A. ) and 50 w/rtL 
: of a monoclonal antibody specif ic" for myoglobin (obtaxned 
* , - from " the' institute of General: arid Molecular Pathology , 
— Tartu Stated Wv^ity,,, Tartu, Sstbnx^ih-l* «» sodium 
15 acetate, P H Severe then injebted. A buff er with a pH 
below the pi Of ,the antibody will give a positive net 
, charge cf the -protein, and at low ionic strength the 
' antibodies, will preconcentrate to the remaining negatxvely 
charged carboxyl, groups on the surface via electrostatic 
20 -attraction- giving a high antibody ; concentration xn the 
. matrix. The; preconcentration; aliow^ fast immobilization 
with low amount of antibodies'. Remaining ; reactive ester 
,. •, groups were deactivated by. injection of 35 Ml of 1 M 

ethanolamine: hydrochloride, pH 8 .5.; The sfcnsorgram obtaxned 
25i , is shown in. Fig,,, 3 .(response in resonance 1 units, ftU, 
u ; . plotted .versus- time; ]±n seconds)': ; The response signal was 

evaluated at two levels:' 20 seconds before the xh 3 ectxon of 
EDC/NHS (A) and 9 minutes after the injection of - 
ethanolamine (B) . B minus A thus defines the immobilized 
30 amount of the two antibodies. 
r Analyst of r>] =»<=™* samples 

The analysis of CK-MB and myoglobin at elevated levels 
in a plasma sample, using the sensing surface with co- 
immobilized antibodies prepared in section A above, was 
35 performed in the following manner: 

A continuous flow of HBS (10 mM Hepes buffer, 0.15 M 
NaCl, 3.4 mM EDTA, 0.05 % Tween) , pH 7.4, over the sensing 
surface was maintained at 5 M l/*in. 35 pi of a plasma 
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.... s^pl^.f?ontaAnApq,.CKr?® and myoglobin were injected into 
,. • . , the,, instrument.. 4 jiil'- each of second antibodies specific for 
CK-MB and ^myoglobin/ ^ respectively, at a concentration of 

:• -5 of 10 ; mM .glycine-HCl,; pH 2.5. The sensorgram obtained is 
shown.. in Fig.~4.( response in resonance units, RU, plotted 
• ,, versus time in seconds) . The response signal was evaluated 
v at : fpur levels: 20 seconds before '"'the injection of the 
sample (A) ,-.20 seconds before the injection of the second 
10 - antibody, specif ic for CK-MB (B) ,. 20 seconds before the 
, . .. .; injection of the second antibody specific f or myoglobin 
• (C), and 20 seconds before" the injection of glycine-HCl 
(D) . Thus,, A, defines the baseline, B minus A defines the 
Plasma response^. ' C, minus B defines the specific response 
15. for CK^MB, and D minus c defines "the specific response for 
myoglobin. The. analysis time was 18 minutes . • 

The .same procedure as described above was then 
performed for a plasma sample not containing CKtMB. and a 
; normal -myoglobin level . The sensorgram obtained is shown in 
20 f i.Fi,g. 5. As. appears therefrom, ho response was -obtained when 
injecting the. second antibody specific for CK— ME, whereas a 
: weak , response, was obtained for the second antibody specific 

, for myoglobin. .... ' 
. -, ...The... invention is, of course, not restricted to the 
25 above specifically described embodiments, but 'many. 

.modifications and changes' may be made without departing 
from the scope of the general inventive 1 concept as defined 
in the subsequent claims . 
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x . a method : of " Cardial ..infarction markers , 

comprising the : steps of . . , . , , 

5 ■ ... simultaneously determining frdm -a first blood, 

serum or plasma sample from a' patient at least two., , 
different analytes indicative of myocardial *nfarctxon by 
, ; contacting . in a flow cel^or cells the sample wi^ne or 
., , mo re sensor surface areas each supporting a -dxf f erent 
10 ligand or mixture of dif f erent ligands -capable .of,,-, 
specifically binding to a respective analyte, -and 
optionally after the additional binding of an analyte 
Ipccif ic reagent pr reagent complex to the ligand bound 
- analytes;. detecting any binding interaction -of each analyte 

chemical '^rUics ot 'th,^ensbr surface; . 

(ii) removing each bound analyte -from its. .sensor 
surface bound ^igand by passing- a Regenerating liquid 

through the flow cell; / / " 

(iii) repeating step (i) for at 'least a second, blood, 

serum, or plasma sample taken from the patient at a 
determined time interval "from 'said; first sample ; and 

( iv) determining from'the* results^* steps <*) to 
(iii) the variation with time of said cardiac" ana lytes . 

the physico-chemical charlcteri.tics of the 'senscr.surface 
a Change ^ relractiye index measured by evanescent wave 

/-spectroscopy.. ;; . y r . v : , :? . Vj - ..... : r:f ,. v iV _ 

,,. ..A.*ethod..accordin g to claim. 2, wherein said evanescent 
-,waye, spectroscopy ,1s surface plasmon resonance • 



spectroscopy . 



35 ~Z A method.accorl^. to claim 1, 2 V or 3, therein the 
sample is contacted "wi£h a plurality of Censor surface 
areas, each supporting a different ligand. 
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5. A method according, to .claim 1, 2 or 3, wherein the 
sample is contacted with a single sensor surface area 
• ■ having different ligands co- immobilized thereto. 

5 6. A method according to any one ot claims.- 1 to 5.., 
wherein at least three different cardiac analytes are 
■ determined.. . . .... . 

7. .: a. method according to any one of claims 1 to i;. which 
10 additionally, comprises determining streptokinase antibodies 
in the .sample a by binding, to a corresponding ligand, . I 
immobilized -to. -the, or one .sensor surface area. ■ 

■■■i>'-y; L I ••>•. , .. .. ....... t 

8 r a method.- according to any one of claims 1 to 7 ., 

15 - wherein said, cardiac^ analytes are seiected from the group 

consisting of myoglobin; creatine" kinase 3 'and its isoenzymes 
and : isomers thereof , especially creatine 'kinase MB ; myosin , 
especially. the light, chain thereof ;- tropbmyosin ; lactate 
dehydrogenase (LD) ; aspartate aminotransf erase and * 

20 troponin :C/uT and. ,1 ... :ti . f . ; . , 

9.. a method .according to : claim 8 / wherein said' cardiac 
analytes are , selected from creatine kinase MB,' myoglobin 
and troponin I . . 



25 



30 



10. A method, according to any 9 ne of claims 1 to 9, which 
comprises, determining at. : least ohe^cBntror analyte.. 

11. A method according' to Sla^lO/^ci^nf-^dgl-dbin is 
determined and carbonic anhydrase III is a control. > analyte. 



12. yselof.,^ 1 t0 

11 for diagnosing and/ or excluding 'myocar dial' infarction . 

35.. 13. Use of the method according to any one of claims 1 to 
11 for the monitoring of treMerit with ' thrombolytics . 
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'c--,.\:'~../: 
14. A 



14 A sensor ^'ans^dmpr&ing, immobilized, to ,one,or more 
sensing areas thereof, either individually 
. combination, at least two, preferably at least three 
" different ligands, each ligand Being capable ...of r 
5 specifically binding t6 .'respective analyte . xndxca^ve of 
~ myocardial infarction, said sensor means, bexng adapted for 
the detection of any analyte-ligand interaction as a 
consequential change of the physico-chemical 
characteristics of the sensing surface, and saxd Ixgand 
10 supporting surface areas being regeneratable after the 
coupling of analytes thereto. 

15 A sensor means according to claim 14, which comprises 
a plurality of sensing areas, each area supporting a 
15 different ligand. 

16. A sensor means according to claim 14, which comprises 
a single sensing area having different ligands co- 
immobilized thereto. 

20 17. A sensor means according to any one of claims 14 to 16, 
wherein said ligands are selected from monOCl ° nal 
antibodies against cardiac enzymes or protexns selected 
from the group consisting of myoglobin; creatine kxnase and 

25 its isoenzymes and isomers thereof, especxally creatine 
~ kinase MB; myosin, especially the light chain thereof; 
tropomyosin; lactate dehydrogenase (IB) , aspartate 
aminotransferase, and troponin C, T and I; said Ixgands 
preferably being selected from the group consxstxng of 

30 creatine kinase MB, myoglobin and troponxn I. 

18. A sensor means according to any one of claims 14 to 
17 which additionally comprises immobilized to a sensxng 
area thereof a ligand capable of binding streptokinase 

3 5 antibodies . 

19. A sensor means according to any one of claims 14 to 
18, which additionally comprises immobilized to a sensxng 
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* area or -areas thereof at. least one ligand for a control 
analyte. : .-. x.^ { ls - ? y 

- ■■' " , •. . L /.j x .i f - • - , . . 
20. A "sensor, means -according to any one of claims 14* to 
5 19, which' :*dsA adapted { for .surface plasmon resonance 
spectroscopy.:- .:- :;^: . •- . . : 
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